ABSTRACT
RESUMO

INTRODUCTION
The intraocular pressure (IOP) evaluation has been studied in humans and in various other animal species, both domesticated and wild. Assessment intraocular pressure is crucial parameter for a complete ophthalmic exam as it contributes to the diagnosis of ocular diseases. Several methods have been described for measuring IOP in animals, including applanation, indentation, and rebound tonometry (GUM et al., 1998; KNOLLINGER et al., 2005; WANG et al., 2005 RUSANEM et al., 2010; PEREIRA et al., 2011; PIGATTO et al., 2011) . In animals, both applanation and rebound tonometry are used, and correlation has been revealed between these methods (KNOLLINGER et al., 2005) . In horses, rebound tonometry has been used and intraocular pressure values of healthy horses ranged between 10 and 34mmHg, with a mean value of 22.1±5.9mmHg (KNOLLINGER et al., 2005) . Many authors have suggested tranquilization, auriculopalpebral nerve block and anesthetic eye drops to perform tonometry in horses (CARASTRO, 2004; WILKIE & GILGER, 2004) . However, use of these medications might underestimate IOP (TRIM et al., 1985 ; VAN DER WOERDT et al., 1995) . The rebound tonometer does not require the use of topical anesthesia and has been tested in horses without tranquilization or restraint (KNOLLINGER et al., 2005) . Nevertheless, in some cases to allow the realization of ophthalmic examination it will be necessary some form of containment. A method of restraint frequently used in horses is the lip twitch; however, it causes a rapid increase in concentrations of cortisol that could affect the aqueous humor balance (COLBORN et al., 1991) . To the author's knowledge the effect of twitch on intraocular pressure has never been studied in horses. The objective of this study was to verify the effect of the upper lip twitch restraint on intraocular pressure of healthy horses.
MATERIALS AND METHODS
Animals
Forty five Criollo horses, aged between two to 20 years, (male or female) were used in this study. The horses were used for ridding, were housed in stables and were feed with commercial ration, hay and water ad libitum. All horses were considered healthy at the time of examination. The horses were periodically examined and were used to the ophthalmic exam, including tonometry, and used to the restraint method. The study was performed as part of the routine ophthalmic examination and conducted according to the Association for Research in Vision and Ophthalmology (ARVO) statement for the use of animals in ophthalmic and visual research. A previous ophthalmic examination was performed with Schirmer tear test (Teste Lacrimal de Schirmer, Ophthalmos, SP, Brazil), slit lamp biomicroscopy (Portable Slit Lamp SL 15, Kowa, Japan), direct ophthalmoscopy (Direct ophthalmoscope, WA 11720, Welch Allyn, USA) and fluorescein test (Fluorescein strips, Ophthalmos, SP, Brazil). Only animals with no ocular findings were used. After the experiment, horses were examined for ocular disease weekly during a month and remained healthy.
Tonometry
All horses were submitted to the rebound tonometry (Tonovet, Thiols, Finland) with and without upper lip twitch restraint. Tonovet ® was calibrated at mode "h" (horse) and result was checked at the LCD screen. The device software is able to detect erroneous measurements, in which case it shows an error message and does not accept the measurement. Measurements with any error signal were discarded in the current study. Horses were kept in their stables with a halter while the measurements were made. An experienced assistant placed the twitch in the upper lip of horses or hold the halter and the examiner started the tonometry. Rebound tonometry was performed three times consecutively, in both eyes, at vertical position. At least 10 minutes passed between the evaluations (with or without restraint) of the same horse. The order of the IOP measurements (with or without twitch) and order of the eye (right or left) were randomized at the time of measurements with a coin. No tranquilizers or regional nerve blocks were used at any stage of the study. Restraint was made by the same assistant and measurements were performed by the same examiner, experienced with the device use. Head position was kept above the heart level and any pressure was made over eyelids. Measurements were made between 3:30 and 5:30pm to avoid circadian fluctuation of intraocular pressure. A mean IOP of the three measurements was calculated for statistical analysis.
Statistical analysis
Statistical analysis was performed with SAS 9.2 software (SAS ® Enterprise Guide 4.3 ® , Cary, NC, USA). Statistical model was selected based on factors considered important when the data were analyzed. A difference between right and left eyes greater than 5mmHg is suggestive of uveitis (WADA, 2006) . To ensure that horses were healthy and to compare right and left eyes of each horse and not the mean values, horses were assumed as blocks. ANOVA in a split plot factorial design was performed where the main factor is the twitch (with or without), the subplot factor is the eye (R e L), and "horses" and gender were considered blocks. Age was included in this model as a covariance, since it was significant (P<0.05). The "IOP" is the variable response. A P value <0.05 was considered significant.
RESULTS
No ocular diseases were observed in these horses since data collection. Horses tolerated measurements with or without twitch restraint. IOP mean values without twitch restraint were 29.35±4.08mmHg and with the twitch were 34.68±6.47mmHg (Table 1) . These values were statistically different (P<0.05). No significant differences were seen between the mean IOP values of the left eye compared to the right eye.
DISCUSSION
Nowadays, applanation and rebound tonometry have been used most frequently. In this study, rebound tonometer was used because it is portable, has a lower platinum, and its impact on the eye is fast and minimal. In addition, previous studies reported that measurement of IOP with this instrument was well tolerated in other species, being quick and inducing minimal stress (WANG et al., 2005) . The choice of handheld tonometer used in this study was because it was available in the routine of study group, it has already been validated for horses and it does not require anesthetic drops or constant calibration. It can be used for IOP evaluation in awaked horses with no tranquilization or regional nerve block (KNOLLINGER et al., 2005) . In the present study, the tonometer was easy to use and well tolerated by all horses. Moreover, two consecutive readings did not cause any ocular abnormalities, since horses were checked for ocular alterations for 30 days after experiment.
Our results showed that significant differences in IOP were not reported between the right and the left eyes, in accordance with previous results, which indicated that the IOPs are relatively constant in both healthy eyes from the same animal (KNOLLINGER et al., 2005; GERMANN et al., 2008) .
There are many factors that can affect IOP, including species, age, gender, diurnal fluctuation, and stress. In addition, tonometry measurements vary according to the tonometer used and the examiner conducting the restraint (WHITACRE & STEIN, 1993) . Intraocular pressure mean values of this study are in accordance with previous findings in horses and fall within the reference values of intraocular pressure, (KNOLLINGER et al., 2005; GERMANN et al., 2008) . Besides this fact, when intraocular pressures mean values with and without twitch restraint are compared, our data demonstrated increased intraocular pressure values with twitch. This effect on IOP had never been demonstrated, as far as the authors know. Stress response to twitch restraint has been studied in horses, revealing a strong hormone release from sympathetic nervous system activation (COLBORN et al., 1991) . Furthermore, the role of sympathetic stimulation on aqueous humor production and intraocular pressure regulation has been studied. Large adrenergic innervations of the ciliary epithelium extending to ciliary body and the drainage system suggested that autonomic nervous system has a main role on intraocular pressure regulation (GWIN et al., 1979; TO et al., 2002) . More research is required in horses to evaluate the effect of periocular muscles contraction on IOP, but horse's strong eyelid musculature leads us to believe that this effect is important for this measurements.
The ideal interval required between evaluations was not determined. Previous studies reported intervals of 1, 2, and 10 minutes (LEIVA et al., 2006; JEONG et al., 2007; LÓPEZ-CABALLERO et al., 2007; PEREIRA et al., 2011) . Although these experiments were not using a "stress model", simply Table 1 -Values of mean intraocular pressure (IOP) in mmHg of horses of different ages, measured with the rebound tonometer with and without twitch.
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placing the tonometer in front of the eye or even the use of a contention method of rabbits or owls could lead to a stress hormone release. This study used an interval of 10 minutes between tonometries.
In previous experiments of this study group (not published) intervals of 10 minutes, 30 minutes and 1 hour between tonometries with and without twitch were tested, but clinically these intervals were not different. Regardless of the order of measurements or interval time (10min, 30min and 1 hour), placing the twitch always overestimated IOP. In the present study, younger horses had lower intraocular pressure values than older. A positive relation between corneal thickness and age was reported in Rocky Mountain Horses (RAMSEY et al., 1999) and several studies have noted a relationship between corneal thickness and IOP in humans (WHITACRE & STEIN, 1993) . In horses, corneal thickness has been studied in several breeds, but its relation with IOP was not established. Although corneal thickness was not measured, it could be assumed that young horses with thinner corneas could have lower IOP.
The study was performed between 3:30 and 5:30 pm of the same day. Horses are considered a diurnal specie with the acrophase (peak time) concentrated during the day. Ocular pressure peak in horses happens at the end of the day and the amplitude of variation is between 4 and 5mmHg (BERTOLUCCI et al., 2009 ). To minimize the circadian rhythm influence on IOP, this study was performed in an interval of two hours. Many other factors; however, can influence intraocular pressure, among which are fluid intake and venous blood pressure (GWIN et al., 1979) , this way IOP measurements were made in the same day to avoid daily fluctuations.
Head position has a significant effect on the IOP of horses. IOP is significantly increased with the head below heart level, compared with IOP in the head-up position. For this reason, tonometry should be performed in the head-up position in horses (KOMÁROMY et al., 2006) . During the IOP measurements special care was taken to keep the head above heart level.
CONCLUSION
Restraint of horses with upper lip twitch increases significantly equine intraocular pressure measured with rebound tonometry. For this reason, the lip twitch is not recommended for IOP evaluation in horses and could take the clinician to mistaken ophthalmic diseases diagnoses.
